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Introduction
Over the past two decades, the incidence of multiple
birth has increased. In the USA, the twin gestation rate
increased by 46% between 1980 and 1996. This dramatic
rise in multiple gestations has been attributed to the
increasing availability of ovulation-inducing agents,
use of assisted reproductive technology (ART), and a
shift to bearing children at older maternal ages when
multiples are more likely to occur naturally [1]. Multiple
pregnancies are associated with an increased risk of
maternal complications such as pre-eclampsia, eclamp-
sia, preterm delivery, cesarean delivery, and postpartum
hemorrhage. They also increase the incidence of neonatal
morbidity and mortality compared to singleton preg-
nancy [2]. It is still not clear whether subfertility status
and fertility treatment have any effect on the pregnancy
outcome of twins conceived by ART compared with
naturally conceived twins. Some studies have concluded
that twin pregnancies conceived by ART are at greater
risk for pregnancy complications and adverse perinatal
outcomes [3–5], but others did not observe any increase
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in adverse perinatal outcomes in twin pregnancies
obtained after in vitro fertilization compared with
spontaneous twins [6–11]. The object of this study was
to compare the perinatal and maternal outcomes of
twin pregnancies conceived by ART with those of non-
ART-conceived twin pregnancies.
Methods
There were 5,190 deliveries at National Taiwan University
Hospital, a tertiary teaching hospital, between January
1, 2002 and December 31, 2003. Of these, all twin
pregnancies (including higher-order multiple preg-
nancies reduced to twins) delivered at 23 or more weeks
of gestation were included in this study. We reviewed
all maternal and neonatal records and extracted the
data into a computerized file. Twin pregnancies were
divided into three groups, i.e. those after ART, after
ovulation induction (with or without intrauterine
insemination), and those spontaneously conceived. The
ART group was defined as pregnancies conceived by in
vitro fertilization plus embryo transfer or tubal embryo
transfer.
Gestational age was calculated on the basis of last
menstrual period or from the date of embryo transfer
plus 2 weeks (ART group). Maternal complications
included pregnancy-induced hypertension (PIH) or pre-
eclampsia, gestational diabetes mellitus (GDM),
placenta previa, preterm premature rupture of
membranes (PPROM), preterm uterine contraction
(PUC), antepartum hemorrhage (APH), preterm
admission, preterm delivery, and discordant birth
weights. PIH was defined as persistent blood pressure of
at least 140/90 mmHg after 20 weeks of gestation in
previously normotensive women. Pre-eclampsia was
diagnosed whenever PIH was accompanied by
proteinuria of at least 100 mg/dL by random urine
analysis. Diagnosis of GDM was based on a 3-hour 100-
g oral glucose tolerance test. PUC was defined as regular
uterine contractions (< 8 minutes apart) that required
tocolytic intervention, using either oral or intravenous
medications. APH was defined as any uterine bleeding
episode during pregnancy that was not related to
apparent non-obstetric cause. Preterm admission or
preterm delivery was defined as admission or delivery
before 37 weeks of gestation. Discordant birth weight
was defined as a more than 20% difference in birth
weight between the twins.
Perinatal outcomes analyzed included small for
gestational age (SGA), stillbirth, low Apgar score (< 7)
at 1 or 5 minutes, neonatal intensive care unit (NICU)
admission, perinatal death, anemia, hypoglycemia, hy-
perbilirubinemia, respiratory distress syndrome (RDS),
retinopathy of prematurity (ROP), intraventricular
hemorrhage (IVH), congenital anomaly, and other
neonatal complications including gastrointestinal
bleeding or pericardial effusion. SGA was diagnosed
whenever the birth weight was below the 10th centile
for gestational age. Hyperbilirubinemia was defined
as when phototherapy was indicated.
Demographic and clinical data were analyzed in
three ways. First, ART-obtained pregnancies were
compared with pregnancies after ovulation induction
and spontaneous twin pregnancies. Second, com-
parisons were made according to the use of fetal
reduction or not. Third, dichorionic ART-conceived
pregnancies were compared with dichorionic spon-
taneous pregnancies. Only four pregnancies in the ART
group were monochorionic.
Statistical analysis was performed using Chi-squared
and Fisher’s exact tests and one-way analysis of variance
(ANOVA). A p value of less than 0.05 was considered to
be statistically significant.
Results
The study included 159 twin pregnancies: 54 spontane-
ous pregnancies, 31 ovulation induction pregnancies,
and 74 in vitro fertilization pregnancies. The ovulation
induction group was defined as control A and the spon-
taneous group as control B. Clinical and demographic
data are shown in Table 1. Mean maternal age in the
ART group was similar to that in the ovulation induction
group but significantly higher than that in the spon-
taneous group. The percentage of nulliparae was not
significantly different between study and control
groups, but there was a significantly lower percentage
of previous miscarriage in the spontaneous group.
Mean gestational age at delivery was comparable
between the ART and both control groups, but the
percentage of women who delivered before 34 weeks of
gestation was significantly higher in the ART group than
in the ovulation induction group. The percentages of
pregnancy complications were comparable between
the ART and control groups, as was the percentage of
discordant birth weight.
Perinatal outcomes are shown in Table 2. There was
no significant difference in the mean birth weight and
the distribution of birth weight of both the first and
second twins. The ratio of male gender and the incidences
of SGA and stillbirth were comparable among the various
groups. The incidence of an Apgar score of less than 7
at 1 and 5 minutes was significantly higher for the first
twin of the spontaneous group than the ART group. The
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Table 1. Clinical and demographic data
ART group Control A p* Control B p†
(n = 74) (n = 31) (n = 54)
Maternal age (yr)
   Mean ± SD 33.1 ± 4.0 32.2 ± 3.4 NS 29.9 ± 4.8 < 0.01
   > 35 yr (%) 27.0 19.4 NS 16.7 NS
   > 40 yr (%) 04.1 03.2 NS 00.0 NS
Nulliparous (%) 79.7 77.4 NS 66.7 NS
Previous miscarriage (%) 14.9 19.4 NS 03.7 < 0.05
Gestational age at delivery, mean ± SD (wk) 35.8 ± 2.3 36.6 ± 2.1 NS 35.2 ± 3.4 NS
Delivery before 34 wk (%) 18.9 03.2 < 0.05 29.6 NS
Dichorionicity (%) 94.6 100.00 NS 50.0 < 0.01
Hypertensive disorders‡ (%) 08.1 09.7 NS 03.7 NS
GDM (%) 08.1 06.5 NS 01.9 NS
Placenta previa (%) 01.4 03.2 NS 00.0 NS
PPROM (%) 14.9 12.9 NS 22.2 NS
Preterm contraction (%) 28.4 38.7 NS 38.9 NS
Antepartum hemorrhage (%) 05.4 12.9 NS 00.0 NS
Preterm admission (%) 39.2 35.5 NS 48.1 NS
Cesarean section (%) 97.3 96.8 NS 92.6 NS
Discordant birth weight (%) 21.6 22.6 NS 25.9 NS
Fetal reduction (%) 17.6 16.1 NS 00.0 < 0.01
*ART group vs control A; †ART group vs control B; ‡pregnancy-induced hypertension, pre-eclampsia, and eclampsia. ART = assisted reproductive technology;
Control A = ovulation induction-conceived pregnancies; Control B = spontaneously conceived pregnancies; GDM = gestational diabetes mellitus; NS = not
significant; PPROM = preterm premature rupture of membranes; SD = standard deviation.
percentage of NICU admission was comparable be-
tween the ART and control groups, but the mean
duration of hospitalization was significantly longer in
the spontaneous group. In addition, the incidences of
hypoglycemia, congenital anomaly, RDS needing
ventilation, and perinatal death were also significantly
higher in the spontaneous group. The incidences of
neonatal anemia, jaundice, respiratory disorder not re-
quiring ventilation, infectious disorders, ROP, IVH, and
other complications were comparable among the various
groups.
The proportion of dichorionic pregnancies was
comparable between the ART (70/74) and ovulation
induction groups (31/31), but was significantly higher
than in the spontaneous group (27/54). The perinatal
outcomes in dichorionic ART and spontaneous twins
are shown in Table 3. The mean maternal age in the
dichorionic ART group was significantly higher than
that in the dichorionic spontaneous group. Mean birth
weight and neonatal outcome (including Apgar score <
7 at 5 minutes) were comparable among the various
groups.
In the ART group, 17.6% (13/74) of pregnancies
had been reduced, compared with 16.1% (5/31) among
ovulation induction pregnancies and none in spontane-
ous pregnancies. Table 4 shows several demographic
and clinical parameters of reduced ART and ovulation
induction pregnancies compared with non-reduced
pregnancies. Mean maternal and gestational age were
similar and the incidence of pregnancy complications,
NICU admission, and perinatal death were comparable.
Discussion
The outcome of twin pregnancies resulting from ART
has been a subject of controversy. Patients should
understand the potential risks and pregnancy outcome
when they undergo medical intervention to achieve
pregnancy. In this study, we present our experience
with twin pregnancies conceived by ART. The cohort of
women in this study was racially and socioeconomically
homogeneous and was managed at a single tertiary-
care center with similar antepartum protocols. The
difference between the ART and spontaneous groups in
mean maternal age is consistent with the history of
infertility in ART women [8].
In the present study, we found that the risks of preg-
nancy complication and adverse perinatal outcome
were not increased in ART-conceived twins compared
with ovulation induction-conceived or spontaneously
conceived twins. In contrast, the risk of neonatal
complications including congenital anomaly, neonatal
hypoglycemia, use of ventilation, and perinatal death
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and the duration of NICU admission were increased in
spontaneous twin pregnancies. Several studies found
that ART-conceived twin pregnancies were at greater
risk than non-ART-conceived ones for pregnancy
complications and adverse perinatal outcome [3–5].
The possible reasons are the age and parity of pregnant
women, the ART procedure, and infertility per se. It is
generally accepted that older women are more prone to
obstetric problems. The idea that ART-conceived twins
have worse outcome simply due to age is supported by
Kozinszky et al, who compared ART-conceived and
spontaneous twin pregnancies matched with regard to
age, parity, and previous obstetric outcome [9]. The
pregnancy complications and neonatal outcome were
comparable between the two groups. In our study, the
mean maternal age in ART-conceived twin pregnancies
was indeed higher than that in spontaneous ones. One
possible explanation might be case selection. Women
who are accepted for ART are usually healthier than the
general population of the same age.
The major factor contributing to an adverse preg-
nancy or obstetric outcome in ART compared with a
population-based control is the increased incidence of
multiple pregnancies [12]. Several studies suggest that
ART methods per se do not present an extra risk to
obstetric outcome [6–9]. Ochsenkühn et al found that
ART was associated with low birth weight, but perinatal
outcome was comparable [10]. Minakami et al found
that the chorionicity of the placenta was an important
determinant of the outcome of twins, and the lower
frequency of monochorionic placentas in medically
assisted twins may have been responsible for the lower
risk of adverse outcomes [11]. In this study, the higher
incidence of neonatal complications in the spontaneous
group also seemed to be related to chorionicity, because
the monochorionic rate in the spontaneous group was
statistically higher. After we excluded monochorionic
twins, the perinatal outcome was comparable between
ART-conceived twins and spontaneously conceived
twins.
Table 2. Perinatal outcomes
ART group (n = 74) Control A (n = 31) Control B (n = 54)
1st twin 2nd twin 1st twin 2nd twin 1st twin 2nd twin
Birth weight (g)
   Mean ± SD 2,330 ± 482 2,208 ± 548 2,396 ± 402 2,355 ± 462 2,247 ± 656 2,076 ± 650
   < 1,500 g (%) 05.4 10.8 03.2 03.2 14.8 18.5
   1,500–2,500 g (%) 59.5 56.8 58.1 54.8 42.6 57.4
   > 2,500 g (%) 35.1 32.4 38.7 41.9 42.6 24.1
Male (%) 52.7 51.4 61.3 67.7 59.3 51.9
Small for gestational age (%) 23.3 33.3 33.3 41.9 24.5 42.3
Stillbirth (%) 00.0 01.4 03.2 00.0 01.9 03.7
Apgar < 7 at 1 min (%) 17.6 17.8 06.7 16.1 039.6* 34.6
Apgar < 7 at 5 min (%) 01.4 01.4 00.0 03.2 005.1* 09.6
Neonatal outcomes n = 147 n = 61 n = 105
   NICU admission (%) 23.1 18.0 31.4
      Mean duration ± SD (d) 19.1 ± 21.6 17.1 ± 29.5 42.5 ± 50.4†
   Anemia (%) 02.7 01.6 06.7
   Hypoglycemia (%) 05.4 13.1 ,15.2†
   Jaundice (%) 22.4 18.0 28.6
   Congenital anomaly (%) 03.4 03.3 ,20.0†
   RDS needing ventilation (%) 02.7 03.3 ,13.3†
   Respiratory disorder‡ (%) 21.1 13.1 17.1
   Infectious disorder (%) 04.1 03.3 06.7
   ROP (%) 02.0 00.0 05.7
   IVH (%) 01.4 03.3 04.8
   Other complications§ (%) 04.8 01.6 03.8
   Perinatal death (%) 02.7 03.2 0,9.3†
*Statistically significant difference between 1st ART twin and 1st spontaneous twin; †statistically significant difference between the ART and spontaneous groups;
‡RDS, transient tachypnea of the newborn, and any nonspecific respiratory difficulties that required intervention (except ventilator); §gastrointestinal bleeding,
gastroesophageal reflux, and pericardial effusion. ART = assisted reproductive technology; Control A = ovulation induction-conceived pregnancies; Control
B = spontaneously conceived pregnancies; IVH = intraventricular hemorrhage; NICU = neonatal intensive care unit; RDS = respiratory distress syndrome;
ROP = retinopathy of prematurity; SD = standard deviation.
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Discordant fetal growth is a well-known complication
of monochorionic pregnancies, in which it is believed to
occur most likely as a result of a net imbalance in
directional blood flow through placental anastomotic
vessels. In this study, the frequency of monochorionic
twins in the ART group was significantly lower than that
in the spontaneous group, but the rate of discordant
fetal growth was comparable. Twin pregnancies from
ART or ovulation induction are composed essentially
of only dizygotic pregnancies, and one possible expla-
nation for the difference in fetal growth in dizygotic
pregnancies is genetic dissimilarity [8].
The cesarean section rate was very high in all groups
(92.6–97.3%), but we did not observe any postopera-
tive complications. In our hospital, cesarean section
is recommended if either of the twins is in non-vertex
presentation to prevent the possible complications of
malpresentation. In addition, parents of twins, especially
infertile couples, often have very high expectations of
the pregnancy outcomes. They usually think vaginal de-
livery of twins is more time-consuming and danger-
ous than cesarean delivery. Currently in our society, we
do not refuse parents who ask for cesarean section.
Fetal reduction for women with triplet and higher-
order multiple gestations to twins reduces the rates of
antenatal complication, preterm delivery, low birth
weight, and neonatal death [13]. However, fetal
reduction from twins to a singleton is still rare and not
well accepted [14]. In accordance with the conclusion
of Dodd and Crowther [13], we observed that the out-
comes of reduced twin pregnancies were comparable to
non-reduced twin pregnancies conceived after ovulation
induction or after ART. Therefore, fetal reduction remains
a viable option in our hospital and is recommended to
Table 3. Perinatal outcomes of dichorionic twins
ART group (n = 70) Control B (n = 27) p*
Maternal age, mean ± SD (yr) 33.1 ± 4.0 30.9 ± 4.5 < 0.05
Gestational age, mean ± SD (wk) 35.9 ± 2.3 36.5 ± 1.8 NS
   < 34 wk (%) 18.6 14.8 NS
Discordant birth weight (%) 22.9 18.5 NS
1st twin 2nd twin 1st twin p† 2nd twin p‡
Birth weight (g)
   Mean ± SD 2,328 ± 462 2,219 ± 541 2,460 ± 495 NS 2,380 ± 486 NS
      < 1,500 g (%) 04.3 08.6 03.7 NS 00.0 NS
      1,500–2,500 g (%) 60.0 58.6 44.4 NS 63.0 NS
      > 2,500 g (%) 35.7 32.9 51.9 NS 37.0 NS
Male (%) 52.9 52.9 63.0 NS 44.4 NS
Small for gestational age (%) 22.9 30.0 22.2 NS 33.3 NS
Stillbirth (%) 00.0 01.4 03.7 NS 03.7 NS
Apgar < 7 at 1 min (%) 18.6 17.1 29.6 NS 14.8 NS
Apgar < 7 at 5 min (%) 01.4 01.4 07.4 NS 00.0 NS
Perinatal outcomes n = 139 n = 52 p*
   NICU admission (%) 23.00 25.00 NS
      Mean duration ± SD (d) 20.2 ± 21.8 12.2 ± 8.1 NS
   Anemia (%) 2.9 0.0 NS
   Hypoglycemia (%) 5.0 13.50 NS
   Jaundice (%) 23.00 17.30 NS
   Congenital anomaly (%) 3.6 7.7 NS
   RDS needing ventilation (%) 1.4 1.9 NS
   Respiratory disorder§ (%) 21.60 19.20 NS
   Infectious disorder (%) 4.3 3.8 NS
   ROP (%) 5.0 0.0 NS
   IVH (%) 2.2 0.0 NS
   Other complicationsII (%) 0.0 1.9 NS
   Perinatal death (%) 1.4 7.4 NS
*ART group vs control B; †1st ART twin vs 1st control B twin; ‡2nd ART twin vs 2nd control B twin; §RDS, transient tachypnea of the newborn, and any
nonspecific respiratory difficulties that required intervention (except ventilator); IIgastrointestinal bleeding, gastroesophageal reflux, and pericardial effusion.
ART = assisted reproductive technology; Control B = spontaneously conceived pregnancies; IVH = intraventricular hemorrhage; NICU = neonatal intensive
care unit; NS = not significant; RDS = respiratory distress syndrome; ROP = retinopathy of prematurity; SD = standard deviation.
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Table 4. Demographic and clinical data of reduced and non-reduced twins
ART group Control A
Reduced Non-reduced p* Reduced Non-reduced p†
(n = 13) (n = 61) (n = 5) (n = 26)
Maternal age, mean ± SD (yr) 31.9 ± 4.1 33.3 ± 3.9 NS 31.7 ± 4.2 32.3 ± 3.2 NS
Gestational age, mean ± SD (wk) 36.0 ± 1.5 35.8 ± 2.5 NS 36.8 ± 0.6 36.4 ± 2.2 NS
Dichorionicity (%) 100.00 93.4 NS 100.00 100.00 NS
Hypertensive disorders‡ (%) 07.7 08.2 NS 20.0 07.7 NS
GDM (%) 00.0 09.8 NS 00.0 07.7 NS
Placenta previa (%) 00.0 01.6 NS 00.0 03.8 NS
PPROM (%) 15.4 14.8 NS 20.0 11.5 NS
Preterm contraction (%) 30.8 27.9 NS 40.0 38.5 NS
Antepartum hemorrhage (%) 15.4 03.3 NS 20.0 11.5 NS
Preterm admission (%) 53.8 36.1 NS 20.0 38.5 NS
Discordant birth weight (%) 23.1 21.3 NS 20.0 23.1 NS
1st twin birth weight, mean ± SD (g) 2,381 ± 261 2,319 ± 518 NS 2,395 ± 338 2,396 ± 419 NS
2nd twin birth weight, mean ± SD (g) 2,161 ± 410 2,219 ± 575 NS 2,211 ± 305 2,383 ± 486 NS
Perinatal outcomes n = 26 n = 122 n = 10 n = 52
   NICU admission (%) 19.2 23.3 NS 00.0 21.1 NS
   Perinatal death (%) 00.0 03.3 NS 10.0 01.9 NS
*Reduced ART group vs non-reduced ART group; †reduced ovulation induction group vs non-reduced ovulation induction group; ‡pregnancy-induced hypertension,
pre-eclampsia, and eclampsia. ART = assisted reproductive technology; Control A = ovulation induction-conceived pregnancies; GDM = gestational diabetes
mellitus; NICU = neonatal intensive care unit; NS = not significant; PPROM = preterm premature rupture of membranes; SD = standard deviation.
most patients with higher-order (including triplet)
multiple pregnancies.
In conclusion, ART-conceived twin pregnancies are
not at greater risk than non-ART-conceived ones for
pregnancy complications and adverse perinatal
outcome. The chorionicity is probably an important
factor for adverse perinatal outcome. In addition,
reduced and non-reduced twin pregnancies are
comparable in obstetric and neonatal outcomes.
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